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Description

BACKGROUND

1. Field

[0001] The embodiments of the present application relate to an anode for a lithium secondary battery and a lithium
secondary battery including the same.

2. Description of the Related Art

[0002] A secondary battery is a battery that can be repeatedly charged and discharged, and is widely used as a power
source for portable electronic communication devices such as a laptop computer and a mobile phone with the advance-
ment of information and communication technology and display industries. In addition, recently, a battery pack including
the secondary batteries has also been developed and applied as a power source for eco-friendly vehicles such as an
electric vehicle.
[0003] There are various types of secondary batteries, but lithium secondary batteries with high operating voltage, fast
chargingspeed, andhighpowerdensity aremainlyused.Dependingon the typeof cathodematerial, the lithiumsecondary
batteries may be classified into lithium secondary batteries using NCM (nickel, cobalt and manganese), NCA (nickel,
cobalt and aluminum), LFP (lithium, iron and phosphorus), etc., and depending on the type of anodematerial, theymaybe
classified into lithium secondary batteries using natural graphite, artificial graphite, graphite-based materials, or metal-
based materials.
[0004] Anodematerials commonly used in lithium secondary batteries include graphite and silicon, which are known for
their stability and energy characteristics. Graphite is characterized by high stability, while silicon is characterized by high
energy density.
[0005] Recently, as the application range of lithium secondary batteries has expanded, the demand for high energy
density, high stability, and fast charging has increased. For example, batteries used in electric vehicles require higher
capacities than those of conventional lithium secondary batteries. To satisfy the above-described requirements, attempts
have beenmade to use a combination of anodematerials. However, it is difficult to control the high volume expansion rate
of silicon, which may cause cracks to form in the active material due to reactions with lithium during charging and
discharging. As a result, the cycle life and fast-charging performance of the lithium secondary battery may deteriorate
significantly.

SUMMARY

[0006] An embodiment of the present disclosure provides an anode for a secondary battery with improved capacity and
cycle life characteristics.
[0007] Another embodiment of the present disclosure provides a lithium secondary battery including the anode for a
lithium secondary battery with improved capacity and cycle life characteristics.
[0008] Ananode for a lithiumsecondary battery according to embodiments of the present disclosure includes: an anode
current collector; a first anodeactivematerial layerwhich is disposedonat least one surfaceof the anode current collector,
and includesa first silicon-basedactivematerial andafirst binder includinga first rubber-basedbinder andafirst cellulose-
based binder; and a second anode active material layer which is disposed on the first anode active material layer, and
includes a second silicon-based active material and a second binder including a second rubber-based binder and a
second cellulose-based binder. Aweight ratio of the first cellulose-based binder to the first rubber-based binder in the first
binder is lower than a weight ratio of the second cellulose-based binder to the second rubber-based binder in the second
binder.
[0009] According to exemplary embodiments, a content of the first rubber-based binder based on the total weight of the
first bindermay be greater than or equal to a content of the first cellulose-based binder based on the total weight of the first
binder.
[0010] According toexemplaryembodiments, theweight ratioof thefirst cellulose-basedbinder to thefirst rubber-based
binder in the first binder may be 0.7 or less.
[0011] According toexemplary embodiments, theweight ratio of the first cellulose-basedbinder to the first rubber-based
binder in the first binder may be 0.3 to 0.6.
[0012] According to exemplary embodiments, a content of the second rubber-based binder based on the total weight of
the second binder may be lower than a content of the second cellulose-based binder based on the total weight of the
second binder.
[0013] According to exemplary embodiments, the weight ratio of the second cellulose-based binder to the second
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rubber-based binder in the second binder may be 1.0 or more.
[0014] According to exemplary embodiments, the weight ratio of the second cellulose-based binder to the second
rubber-based binder in the second binder may be 1.2 to 2.4.
[0015] According to exemplary embodiments, theweight ratio of the first and second cellulose-based binders to the first
and second rubber-based binders based on the total weight of the first binder and the second binder may be 0.77 to 0.87.
[0016] According to exemplary embodiments, the first rubber-based binder and the second rubber-based binder may
include at least one rubber-based binder selected from styrene-butadiene rubber (SBR), acrylonitrile-butadiene rubber,
hydrous-styrene-butadiene rubber, hydrous-acrylonitrile-butadiene rubber, and styrene-isoprene rubber, and the first
cellulose-based binder and the second cellulose-based binder may include at least one cellulose-based binder selected
from carboxymethyl cellulose (CMC), starch, and hydroxy propyl cellulose.
[0017] According to exemplary embodiments, the first silicon-basedactivematerial and the second silicon-basedactive
material may each include a silicon-carbon composite.
[0018] According to exemplary embodiments, a content of the first silicon-based active material based on the total
weight of the first anode active material layer may be lower than a content of the second silicon-based active material
based on the total weight of the second anode active material layer.
[0019] According to exemplary embodiments, the content of the first silicon-based active material based on the total
weight of the first anode active material layer may be 3 wt% to 10 wt%.
[0020] According to exemplary embodiments, the content of the second silicon-based activematerial based on the total
weight of the second anode active material layer may be 13 wt% to 20 wt%.
[0021] According to exemplary embodiments, the total content of the first and second silicon-based active materials
basedon the totalweight of thefirst anodeactivematerial layerand thesecondanodeactivematerial layermaybe8wt%or
more.
[0022] A lithium secondary battery may include: the anode according to the above-described embodiments; and a
cathode disposed opposite to the anode for a lithium secondary battery.
[0023] The anode according to exemplary embodiments of the present disclosure may include a silicon-based active
material. The silicon-based active material may include a silicon-carbon composite. The energy density of the lithium
secondary battery may be increased by including the silicon-carbon composite.
[0024] According to exemplary embodiments, the anode may include a first anode active material layer and a second
anode activematerial layer having different contents of a binder. The binder includes two ormore types of binders, and the
contents or ratios of the respective binders may be controlled. By adjusting the contents or ratios of the binders, crack
generation in thesilicon-basedactivematerial of theanodemaybesuppressed.Therefore, the fast-chargingperformance
and cycle life characteristics of the lithium secondary battery may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other objects, features and other advantages of the present disclosure will be more clearly
understood from the following detailed description taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a schematic cross-sectional view illustrating ananode for a lithiumsecondary battery according to exemplary
embodiments; and
FIGS. 2 and 3 are schematic plan and cross-sectional views illustrating a lithium secondary battery according to
exemplary embodiments.

DETAILED DESCRIPTION

[0026] According to embodiments of the present disclosure, there is provided an anode for a lithium secondary battery
which includesananodeactivematerial layerhavingamulti-layer structure includingafirst anodeactivematerial layerand
a second anode active material layer, each containing a silicon-based active material. In addition, a lithium secondary
battery including the anode and a cathode disposed opposite to the anode is also provided.
[0027] As used herein, the term "graphite-based active material" may refer to an active material containing a carbon
element and not containing a silicon element.
[0028] As used herein, the term "silicon-based active material" may refer to an active material containing a silicon
element.
[0029] Hereinafter, the present disclosure will be described in more detail with reference to the drawings and
embodiments. However, the following drawings and embodiments are provided to illustrate preferred embodiments of
the present disclosure, and to help better understand the technical spirit of the present disclosure along with the above
description. Therefore, the present disclosure should not be construed as being limited to the contents described in the
drawings and embodiments.
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<Anode for lithium secondary battery>

[0030] Ananode for a lithiumsecondary battery according to embodiments of the present disclosure includes: an anode
current collector; a first anode active material layer formed on at least one surface of the anode current collector; and a
second anode active material layer formed on the first anode active material layer.
[0031] Referring to FIG. 1, an anode 130may include an anode current collector 125 and an anode activematerial layer
120 formed on the anode current collector 125.
[0032] For example, the anode current collector 125 may include a metal having high conductivity, strong adhesion
strengthwithananodeslurry, andcausingnochemical changewithin theoperatingvoltage rangeof thesecondarybattery.
Specifically, the anode current collector 125 may include copper, stainless steel, aluminum, nickel, titanium, or an alloy
thereof. Alternatively, the anode current collector 125 may include copper or stainless steel having a surface treated with
carbon, nickel, titanium, or silver.
[0033] The anode current collector 125 may have a thickness of 3 µm to 500 µm, and may include a structure on its
surface to increase adhesion strength with the anode active material.
[0034] Theanodeactivematerial layer120 formedonat least onesurfaceof theanodecurrent collector 125may include
a first anode active material layer 122 and a second anode active material layer 124.
[0035] The first anode active material layer 122 may be in contact with the anode current collector 125 on at least one
surface. The second anode activematerial layer 124may be formed on an upper surface of the first anode activematerial
layer 122. Accordingly, the anode active material layer 120 may include a multi-layer structure.
[0036] According to exemplary embodiments, the first anode active material layer 122 and the second anode active
material layer 124 may each include a carbon-based active material.
[0037] The carbon-based active material may include natural graphite or artificial graphite. The median particle
diameter of the carbon-based active material may be 0.1 µm to 50 µm.
[0038] In some embodiments, the carbon-based active material may include artificial graphite. The use of artificial
graphite may improve the cycle life characteristics and stability of the secondary battery.
[0039] In some embodiments, the carbon-based active material may include low-orientation artificial graphite.
[0040] For example, the crystallite size of the carbon-based activematerialmay bemeasured by analyzing the full width
at half maximum (FWHM) using X-ray diffraction (XRD) analysis, and the low-orientation artificial graphite may be
identified based on the full width at half maximum. For example, the low-orientation artificial graphitemay include artificial
graphite having an I(004)/I(110) intensity ratio of 3.1 or less, as determined by XRD analysis, where 1(004) and I(110)
represent the maximum peak intensities of the (004) and (110) planes, respectively.
[0041] In some embodiments, the second anode activematerial layer 124may include low-orientation artificial graphite
as a carbon-based active material.
[0042] For example, the first anode activematerial layer 122may include artificial graphite having an I(004)/I(110) ratio
of greater than 3.1, as determined by XRD analysis, and the second anode active material layer 124may include artificial
graphite having an I(004)/I(110) ratio of 3.1 or less, as determined by XRD analysis. The low-orientation artificial graphite
included in the second anode active material layer 124 may suppress the volume change of the silicon-based active
material, thereby improving the cycle life characteristics of the lithium secondary battery.
[0043] According to exemplary embodiments, the first anode active material layer 122 and the second anode active
material layer 124 may each include a silicon-based active material.
[0044] For example, the first anode active material layer 122 may include a first silicon-based active material, and the
second anode active material layer 124 may include a second silicon-based active material.
[0045] The silicon-based active material may include silicon (Si), a silicon alloy, SiOx (0<x<2) containing a lithium or
magnesium compound, or a silicon-carbon composite. For example, the SiOx containing a lithium or magnesium
compound may include SiOx that has been pretreated with lithium or magnesium.
[0046] In some embodiments, the silicon-based active material may include a silicon-carbon composite.
[0047] For example, the silicon-carbon compositemay include silicon carbide or silicon-carbon particles having a core-
shell structure.
[0048] In one embodiment, the silicon-carbon composite may include silicon-based active material particles and a
carbon coating layer formed on the surface of the silicon-based active material particles. The carbon coating layer may
prevent the silicon-based active material particles from contacting moisture in the air and/or water present in the anode
slurry. Therefore, a decrease in the discharge capacity of the secondary battery may be suppressed.
[0049] For example, the carbon coating layer may be at least one selected from the group consisting of amorphous
carbon, carbon nanotubes, carbon nanofibers, graphite, graphene, graphene oxide and reduced graphene oxide.
[0050] In some embodiments, the silicon-based active material may not include SiOx (0<x<2). By excluding SiOx from
thesilicon-basedactivematerial, changes in theanodeactivematerial layer 120due to variations in binder contentmaybe
more effectively suppressed.
[0051] In some embodiments, the silicon-based active material may be substantially composed of the silicon-carbon
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composite.
[0052] According to exemplary embodiments, the first anode active material layer 122 and the second anode active
material layer 124may include the same type of silicon-based activematerial. For example, the first anode activematerial
layer 122 and the second anode active material layer 124 may each include a silicon-based active material including a
silicon-carbon composite.
[0053] The silicon-based activematerial of the same typemay refer to a silicon-based activematerial having properties
that are generally recognized as similar in terms of particle size, shape, and morphology, and including the same type of
atoms. By including the same type of silicon-based active material, the bonding strength provided by the binder may be
improved.
[0054] According to exemplary embodiments, the content of the first silicon-based active material included in the first
anode active material layer 122 and the content of the second silicon-based active material included in the second anode
active material layer 124 may be different.
[0055] Forexample, thecontentof thefirst silicon-basedactivematerial basedon the totalweightof thefirst anodeactive
material layer 122 may be lower than the content of the second silicon-based active material based on the total weight of
the second anode active material layer 124.
[0056] When the content of the first silicon-based active material included in the first anode active material layer 122 is
lower than the content of the second silicon-based activematerial included in the second anode activematerial layer 124,
lithiation may be promoted at the surface of the anode, thereby implementing the high-capacity characteristics of the
silicon-based active material.
[0057] According to exemplary embodiments, the content of the first silicon-based active material based on the total
weight of the first anode active material layer 122 may be 1% by weight ("wt%") to 10 wt%, 2 wt% to 10 wt%, 3 wt% to 10
wt%, or 4 wt% to 8 wt%.
[0058] According to exemplary embodiments, the content of the second silicon-based activematerial based on the total
weight of the second anode active material layer 124 may be 10 wt% to 25 wt%, 10 wt% to 22 wt%, 11 wt% to 20 wt%, 12
wt% to 18 wt%, or 14 wt% to 18 wt%.
[0059] Within the above range, deterioration in cycle life characteristics may be prevented even during rapid charging
and discharging of the lithium secondary battery, and the bonding strength between the anode active material layersmay
be improved through control of the binder content as described below.
[0060] According to exemplary embodiments, the total content of silicon-based active materials based on the total
weight of the anodeactivematerial layer 120maybe8wt%ormore, 8wt% to 16wt%, 8wt% to 14wt%, or 8wt% to 11wt%.
[0061] Even if the contents of the first silicon-based active material included in the first anode active material layer 122
and the second silicon-based active material included in the second anode active material layer 124 are individually
controlled, the total content of the first and second silicon-based active materials based on the total weight of the anode
active material layer 120 may fall within the above range, thereby improving the capacity characteristics of the lithium
secondary battery.
[0062] According to exemplary embodiments, the first anode active material layer 122 and the second anode active
material layer 124 may each include two or more anode binders.
[0063] The anode binders may include a rubber-based binder including styrene-butadiene rubber (SBR), acrylonitrile-
butadiene rubber, hydrous-styrene-butadiene rubber, hydrous-acrylonitrile-butadiene rubber, styrene-isoprene rubber,
etc.; a cellulose-based binder including carboxymethyl cellulose (CMC), starch, hydroxy propyl cellulose, etc.; a
polyacrylic acid-based binder; a poly(3,4-ethylenedioxythiophene) (PEDOT)‑based binder, etc.
[0064] According to exemplary embodiments, the first anode active material layer 122 may include a first binder
including a first rubber-based binder and a first cellulose-based binder. According to exemplary embodiments, the second
anode active material layer 124 may include a second binder including a second rubber-based binder and a second
cellulose-based binder.
[0065] According to someembodiments, the first rubber-basedbinder and the second rubber-basedbindermay include
at least one rubber-based binder selected from styrene-butadiene rubber (SBR), acrylonitrile-butadiene rubber, hydrous-
styrene-butadiene rubber, hydrous-acrylonitrile-butadiene rubber, and styrene-isoprene rubber. According to some
embodiments, the first rubber-based binder and the second rubber-based binder may be of different types or the same
type.According to someembodiments, the first rubber-basedbinder and the second rubber-basedbindermaybestyrene-
butadiene rubber (SBR).
[0066] According to some embodiments, the first cellulose-based binder and the second cellulose-based binder may
include one or more cellulose-based binders selected from carboxymethyl cellulose (CMC), starch, and hydroxypropyl
cellulose. According to some embodiments, the first cellulose-based binder and the second cellulose-based binder may
be of different types or the same type. According to some embodiments, the first cellulose-based binder and the second
cellulose-based binder may include carboxymethyl cellulose (CMC).
[0067] According toexemplaryembodiments, theweight ratioof thefirst cellulose-basedbinder to thefirst rubber-based
binder in the first binder may be different from the weight ratio of the second cellulose-based binder to the second rubber-
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based binder in the second binder.
[0068] According toexemplaryembodiments, theweight ratioof thefirst cellulose-basedbinder to thefirst rubber-based
binder in the first binder may be lower than the weight ratio of the second cellulose-based binder to the second rubber-
based binder in the second binder.
[0069] The ratio of the rubber-based binder to the cellulose-based binder included in each of the first binder and the
second binder may be adjusted to increase the adhesion strength between the anode active material layers and the
adhesion strength between the anode current collector and the anode active material layer. Accordingly, the cycle life
characteristics of the lithium secondary battery may be improved. In addition, the shrinkage and expansion of the silicon-
based activematerial may be suppressed even during fast charging and discharging, thereby improving the fast-charging
cycle life characteristics of the lithium secondary battery.
[0070] According to exemplary embodiments, the content of the first rubber-based binder based on the total weight of
thefirst bindermaybegreater thanor equal to the content of the first cellulose-basedbinder basedon the totalweight of the
first binder.
[0071] According toexemplaryembodiments, theweight ratioof thefirst cellulose-basedbinder to thefirst rubber-based
binder in the first binder may be 0.7 or less.
[0072] In some embodiments, the weight ratio of the first cellulose-based binder to the first rubber-based binder in the
first binder may be 0.3 to 0.6, 0.4 to 0.6, or 0.4 to 0.55.
[0073] According to exemplary embodiments, the content of the first rubber-based binder based on the total weight of
the first anode activematerial layer 122may be 1.5 wt% to 3.0 wt%, 1.6 wt% to 2.8 wt%, 1.7 wt% to 2.6 wt%, or 1.8 wt% to
2.6 wt%.
[0074] According to exemplary embodiments, the content of the first cellulose-based binder based on the total weight of
the first anode activematerial layer 122may be 0.5 wt% to 1.8 wt%, 0.6 wt% to 1.7 wt%, 0.7 wt% to 1.6 wt%, or 0.8 wt% to
1.5 wt%.
[0075] The first anode activematerial layer 122 including the binders within the above content rangemay be positioned
adjacent to the anode current collector 125, thereby alleviating volume changes caused by the intercalation and
deintercalation of lithium ions. Accordingly, the cycle life characteristics of the lithium secondary batterymay be improved.
[0076] According to exemplary embodiments, the content of the second rubber-based binder in the second binder may
be less than the content of the second cellulose-based binder based on the total weight of the second binder.
[0077] According to exemplary embodiments, the weight ratio of the second cellulose-based binder to the second
rubber-based binder in the second binder may be 1.0 or more.
[0078] In some embodiments, the weight ratio of the second cellulose-based binder to the second rubber-based binder
in the second binder may be 1.0 to 2.8, 1.1 to 2.6, 1.2 to 2.4, 1.4 to 2.3, or 1.6 to 2.2.
[0079] According to exemplary embodiments, the content of the second rubber-based binder based on the total weight
of the second anode active material layer 124 may be 0.2 wt% to 1.2 wt%, 0.3 wt% to 1.1 wt%, 0.3 wt% to 0.9 wt%, or 0.4
wt% to 0.8 wt%.
[0080] According to exemplary embodiments, the content of the second cellulose-based binder based on the total
weight of the secondanodeactivematerial layer 124maybe0.5wt% to2.0wt%,0.6wt% to1.8wt%,0.7wt% to1.6wt%,or
0.8 wt% to 1.5 wt%.
[0081] The second anode active material layer 124 including binders within the above content range may improve the
bonding strength between the anode active materials. Therefore, the long-term cycle life characteristics and the fast-
charging cycle life characteristics of the lithium secondary battery may be improved.
[0082] According to exemplary embodiments, theweight ratio of the first and second cellulose-based binders to the first
andsecond rubber-basedbinders basedon the totalweight of thefirst binder and the secondbindermaybe0.7 to0.9, 0.74
to 0.88, or 0.77 to 0.87.
[0083] Even if the weight or weight ratio of the binder included in each of the first binder and the second binder is
controlled, the weight ratio of the first and second rubber-based binders to the first and second cellulose-based binders,
based on the total weight of the first binder and the second binder, may be controlled within the above range. Accordingly,
the long-term cycle life characteristics and the fast-charging cycle life characteristics of the lithium secondary batterymay
be achieved.
[0084] In some embodiments, the anode 130 may include the anode active material layer 120 formed by applying
(coating) the above-described anode slurry to at least one surface of the anode current collector 125, and then drying and
roll-pressing the same.
[0085] For example, the carbon-based active material and the silicon-based active material may be mixed with the
anodebinder in a solvent to prepareananodeactivematerial composition, and theanodeactivematerial layer 120maybe
formed from the prepared anode active material composition.
[0086] For example, the above-described carbon-based active material, the first silicon-based active material, the first
rubber-basedbinder, and the first cellulose-basedbindermaybemixed in a solvent to preparea first anodeactivematerial
composition, and the first anodeactivematerial compositionmaybeapplied to theanodecurrent collector 125anddried to
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formapreliminaryfirst anodeactivematerial layer. Theabove-describedcarbon-basedactivematerial, thesecondsilicon-
based activematerial, the second rubber-based binder, and the second cellulose-based bindermay bemixed in a solvent
to prepare a second anode activematerial composition, and the prepared second anode activematerial compositionmay
be applied to the preliminary first anode activematerial layer and dried to form a preliminary second anode activematerial
layer. Thereafter, the preliminary first anode active material layer and the preliminary second anode active material layer
may be roll-pressed together to form the anode active material layer 120 having a multi-layer structure including the first
anode active material layer 122 and the second anode active material layer 124.
[0087] The anode active material composition may optionally further include a conductive material, a dispersant, a
thickener and the like.
[0088] As the solvent, an aqueous solvent such as water, pure water, deionized water, distilled water, an aqueous
hydrochloric acid solution, an aqueous sodium hydroxide solution, etc.; an alcohol solvent such as ethanol, isopropanol,
methanol, acetone, n-propanol, t-butanol, etc.; or a non-aqueous solvent such as N-methyl‑2-pyrrolidone (NMP),
dimethylformamide, dimethylacetamide, N,N-dimethylaminopropylamine, ethylene oxide, tetrahydrofuran, etc. may be
used.
[0089] Theconductivematerialmaybe included to facilitateelectronmigrationbetween theactivematerial particles.For
example, the conductive material may include carbon-based conductive materials such as graphite, carbon black,
graphene, or carbon nanotubes and/or metal-based conductive materials, including perovskite materials such as tin, tin
oxide, titanium oxide, LaSrCoO3, and LaSrMnO3, etc.

<Lithium secondary battery>

[0090] FIGS.2and3areschematicplanandcross-sectional views illustrating the lithiumsecondarybatteryaccording to
exemplary embodiments, respectively. For example, FIG. 3 is a cross-sectional view takenalong the line I-I’ of FIG. 2 in the
thickness direction.
[0091] Referring to FIGS. 2 and3, the lithiumsecondary batterymay include an electrode assembly including a cathode
100 and the anode 130. In some embodiments, the electrode assembly may further include a separation membrane 140
interposed between the cathode and the anode. The electrode assembly may be accommodated in a case 160 together
with an electrolyte and be impregnated therein.
[0092] Thecathodecurrent collector 105may include stainless steel, nickel, aluminum, titanium, or analloy thereof. The
cathode current collector may also include aluminum or stainless steel having a surface treated with carbon, nickel,
titanium, or silver.
[0093] A cathode slurry layer may include a cathode active material. The cathode active material may include a
compound capable of reversibly intercalating and deintercalating lithium ions.
[0094] According to exemplary embodiments, the cathode activematerialmay include a lithium-nickelmetal oxide. The
lithium-nickel metal oxide may further include at least one of cobalt (Co), manganese (Mn) and aluminum (Al).
[0095] For example, the lithium‑ nickel metal oxide may be represented by Formula 1 below.

[Formula 1] LixNi1-yMyO2+z

[0096] In Formula 1, x, y and zmay satisfy 0.9≤x≤1.2, 0≤y≤0.7, and ‑0.1≤z≤0.1. Mmay represent one ormore elements
selected from Na, Mg, Ca, Y, Ti, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Co, Fe, Cu, Ag, Zn, B, Al, Ga, Sn or Zr.
[0097] In some embodiments, themolar ratio or concentration (1-y) of Ni in Formula 1may be 0.8 or more, for example,
may be greater than 0.8.
[0098] Thechemical structure represented byFormula 1 indicates a bonding relationship betweenelements included in
the layered structure or crystal structure of the cathode active material, and does not exclude other additional elements.
For example, M includes Co and/orMn, andCo and/orMnmay be provided asmain active elements of the cathode active
material together with Ni. Here, it should be understood that Formula 1 is provided to express the bonding relationship
between the main active elements, and is a formula encompassing the introduction and substitution of the additional
elements.
[0099] In one embodiment, the cathode active material may further include auxiliary elements which are added to the
main activeelements, in order to enhance chemical stability thereof or the layered structure/crystal structure. Theauxiliary
element may be incorporated into the layered structure/crystal structure together with the main active elements to form a
bond, and it should be understood that this case is also included within the chemical structure range represented by
Formula 1.
[0100] The auxiliary elementmay include, for example, at least one of Na,Mg, Ca, Y, Ti, Hf, V, Nb, Ta, Cr,Mo,W, Fe, Cu,
Ag, Zn, B, Al, Ga, C, Si, Sn, Sr, Ba, Ra, P or Zr. The auxiliary element may act as an auxiliary active element which
contributes to the capacity/output activity of the cathode active material together with Co or Mn like Al.
[0101] For example, the cathode activematerialmay be dispersed in a solvent to prepare a cathode slurry. The cathode
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slurry may be coated on the cathode current collector 105, and then dried and roll-pressed to prepare a cathode active
material layer 110 of the cathode 100. The cathode slurry may further include a binder, and optionally further include a
conductive material, a thickener or the like.
[0102] Non-limiting examples of the solvent used in the preparation of the cathode slurry may include N-methyl‑2-
pyrrolidone (NMP), dimethylformamide, dimethylacetamide, N,N-dimethylaminopropylamine, ethylene oxide, tetrahy-
drofuran and the like.
[0103] The binder may include polyvinylidene fluoride (PVDF), poly(vinylidene fluoride-co-hexafluoropropylene),
polyacrylonitrile, polymethyl methacrylate, acrylonitrile butadiene rubber (NBR), polybutadiene rubber (BR), styrene-
butadiene rubber (SBR) and the like. In one embodiment, a PVDF-based binder may be used as the cathode binder.
[0104] The conductivematerialmay be added to enhance the conductivity of the cathode slurry layer and/or themobility
of lithium ions or electrons. For example, the conductivematerialmay include carbon-based conductivematerials such as
graphite, carbon black, acetylene black, Ketjen black, graphene, carbon nanotubes (CNTs), vapor-grown carbon fibers
(VGCFs), carbon fibers, and/or metal-based conductive materials, including perovskite materials such as tin, tin oxide,
titanium oxide, LaSrCoO3, and LaSrMnO3.
[0105] As the thickener, for example, carboxymethyl cellulose (CMC) may be used.
[0106] The anode 130 may use an anode including the above-described anode current collector, the first anode active
material layer, and the second anode active material layer.
[0107] The separationmembrane 140may be interposed between the cathode 100 and the anode 130. The separation
membrane may prevent an electrical short-circuit between the cathode and the anode, and maintain a flow of ions
therethrough.
[0108] Theseparationmembrane140may includeaporouspolymer filmor aporousnonwoven fabric. For example, the
porouspolymer filmmay includeanethylenehomopolymer, a propylenehomopolymer, anethylene/butenecopolymer, an
ethylene/hexene copolymer, an ethylene/methacrylate copolymer and the like. The porous nonwoven fabric may include
glass fiber having a high melting point, polyethylene terephthalate fiber or the like.
[0109] Theseparationmembrane140mayalso includeaceramic-basedmaterial. Forexample, inorganic particlesmay
be coated on the polymer film or dispersed within the polymer film to improve heat resistance.
[0110] According to exemplary embodiments, an electrode cell may be defined by the cathode 100, the anode 130 and
the separation membrane 140, and a plurality of electrode cells may be stacked to form, for example, a jelly roll-type
electrode assembly 150. For example, the electrode assembly 150 may be formed by winding, stacking, or folding the
separation membrane 140.
[0111] In one embodiment, the electrode assembly may be formed by repeatedly stacking the cathode 100, the anode
130 and the separation membrane 140, with the respective layers being cut or separated from each other.
[0112] For example, electrode tabs (a cathode tab and an anode tab) protrude from the cathode current collector 105
and the anode current collector 125, respectively, andmay extend to one side of the case 160. The electrode tabsmay be
fused togetherwith theonesideof thecase to formelectrode leads (acathode lead107andananode lead127) that extend
or are exposed to outside of the case.
[0113] For example, a pouch-type case, a prismatic case, a cylindrical case, or a coin-type case, etc.maybeusedas the
case.
[0114] The electrode assembly 150 may be accommodated in the case 160 together with an electrolyte to define a
lithium secondary battery. According to exemplary embodiments, a non-aqueous electrolyte may be used as the
electrolyte.
[0115] Thenon-aqueous electrolytemay include a lithiumsalt of an electrolyte and anorganic solvent. The lithiumsalt is
represented by, for example, Li+X-, and as an anion (X-) of the lithium salt, F, Cl-, Br, I-, NO3

-, N(CN)2-, BF4-, ClO4
-, PF6-,

(CF3)2PF4-, (CF3)3PF3-, (CF3)4PF2-, (CF3)5PF-, (CF3)6P-, CF3SO3
-, CF3CF2SO3

-, (CF3SO2)2N-, (FSO2)2N-, CF3CF2
(CF3)2CO-, (CF3SO2)2CH-, (SF5)3C-, (CF3SO2)3C-, CF3(CF2)7SO3

-, CF3CO2
-, CH3CO2

-, SCN- and (CF3CF2SO2)2N-,
etc. may be exemplified.
[0116] The organic solventmay include an organic compound that has sufficient solubility with respect to the lithium salt
and the additive, and is electrochemically stable without exhibiting reactivity in the battery. For example, the organic
solvent may include at least one of a carbonate solvent, an ester solvent, an ether solvent, a ketone solvent, an alcohol
solvent and an aprotic solvent. As the organic solvent, for example, propylene carbonate (PC), ethylene carbonate (EC),
butylene carbonate, diethyl carbonate (DEC), dimethyl carbonate (DMC), ethyl methyl carbonate (EMC), methyl propyl
carbonate, ethylpropyl carbonate, dipropyl carbonate, vinylene carbonate, methyl acetate (MA), ethyl acetate (EA), n-
propylacetate (n-PA), 1,1-dimethylethyl acetate (DMEA), methyl propionate (MP), ethyl propionate (EP), fluoroethyl
acetate (FEA), difluoroethyl acetate (DFEA), trifluoroethyl acetate (TFEA), dibutyl ether, tetraethylene glycol dimethyl
ether (TEGDME), diethylene glycol dimethyl ether (DEGDME), dimethoxyethane, tetrahydrofuran (THF), 2-methylte-
trahydrofuran, ethyl alcohol, isopropyl alcohol, dimethyl sulfoxide, acetonitrile, diethoxyethane, sulfolane, gamma-
butyrolactone, and propylene sulfite, and the like may be used. These may be used alone or in combination of two or
more thereof.
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[0117] The non-aqueous electrolyte may further include an additive. The additive may include, for example, a cyclic
carbonate compound, a fluorine-substituted carbonate compound, a sultone compound, a cyclic sulfate compound, a
cyclic sulfite compound, a phosphate compound, a borate compound and the like.
[0118] The cyclic carbonate compound may include vinylene carbonate (VC), vinyl ethylene carbonate (VEC), etc.
[0119] The fluorine-substituted carbonate compound may include fluoroethylene carbonate (FEC), etc.
[0120] The sultone compound may include 1,3-propane sultone, 1,3-propene sultone, 1,4-butane sultone, etc.
[0121] The cyclic sulfate compound may include 1,2-ethylene sulfate, 1,2-propylene sulfate, etc.
[0122] The cyclic sulfite compound may include ethylene sulfite, butylene sulfite, etc.
[0123] The phosphate compound may include lithium difluoro bis(oxalato) phosphate, lithium difluoro phosphate, etc.
[0124] The borate compound may include lithium bis(oxalate) borate, etc.
[0125] In some embodiments, a solid electrolytemay be used in place of the above-described non-aqueous electrolyte.
In this case, the lithium secondary batterymay bemanufactured in the form of an all-solid-state battery. In addition, a solid
electrolyte layermaybedisposedbetween the cathode100and theanode130 in place of the above-described separation
membrane.
[0126] The solid electrolyte may include a sulfide-based electrolyte. As a non-limiting example, the sulfide-based
electrolytemay includeLi2S-P2S5, Li2S-P2S5‑LiCl, Li2S-P2S5‑LiBr, Li2S-P2S5‑LiCl-LiBr, Li2S-P2S5‑Li2O,Li2S-P2S5‑Li2O-
LiI, Li2S-SiS2, Li2S-SiS2‑LiI, Li2S-SiS2‑LiBr, Li2S-SiS2‑LiCl, Li2S-SiS2‑B2S3‑LiI, Li2S-SiS2‑P2S5‑LiI, Li2S-B2S3, Li2S-
P2S5‑ZmSn (m and n are positive numbers, Z is Ge, Zn or Ga), Li2S-GeS2, Li2S-SiS2‑Li3PO4, Li2S-SiS2‑LipMOq (p
and q are positive numbers, M is P, Si, Ge, B, Al, Ga or In), Li7-xPS6-xClx (0≤x≤2), Li7-xPS6-xBrx (0≤x≤2), Li7-xPS6-xIx
(0≤x≤2), etc. These may be used alone or in combination of two or more thereof.
[0127] In one embodiment, the solid electrolyte may include an oxide-based amorphous solid electrolyte, such as, for
example, Li2O-B2O3‑P2O5, Li2O-SiO2, Li2O-B2O3, Li2O-B2O3‑ZnO, etc.
[0128] Hereinafter, experimental examples including specific examples and comparative examples are proposed to
facilitateunderstandingof thepresent invention.However, the followingexamplesareonlygiven for illustrating thepresent
invention and are not intended to limit the appended claims. It will be apparent to those skilled in the art that various
alterations and modifications are possible within the scope and spirit of the present invention, and such alterations and
modifications are duly included in the appended claims.

Example

(1) Preparation of anode

[0129] A first anode active material composition was prepared by mixing 89.925 wt% of artificial graphite (D50: 20 µm)
as a graphite-based active material, 6 wt% of a silicon-carbon composite (Si/C), 0.15 wt% of single-walled carbon
nanotubes (SWCNTs) as a conductive material, 0.225 wt% of carbon nanotubes (CNTs) as a dispersant, and 1.3 wt% of
CMC and 2.4 wt% of SBR as binders.
[0130] A second anode active material composition was prepared by mixing 81.725 wt% of artificial graphite (D50: 20
µm) as a graphite-based active material, 16 wt% of a silicon-carbon composite (Si/C), 0.15 wt% of single-walled carbon
nanotubes (SWCNTs) as a conductivematerial, 0.225wt%of carbon nanotubes (CNTs) as a dispersant, and 1.9wt% of a
binder composed of CMC and SBR at a weight ratio of 1.3:0.6.
[0131] Thereafter, the first anode active material composition and the second anode active material composition were
sequentially coated on one surface of a copper foil current collector having a thickness of 8µm, and dried and roll-pressed
to sequentially form a first anode active material layer and a second anode active material layer on the current collector.

(2) Manufacture of cathode and lithium secondary battery

[0132] A slurry was prepared by mixing 98.08 wt% of Li[Ni0.88Co0.1Mn0.02]O2 as a cathode active material (66.86 wt%
polycrystalline and 29.42 wt% single-crystal), 0.6 wt% of MWCNTs as a conductive material, 0.12 wt% of CNTs as a
conductivematerial dispersant, and1.2wt%polyvinylidenefluoride (PVdF)asabinder.Theslurrywasuniformlyapplied to
an aluminum foil having a thickness of 12 µm, and vacuum dried to fabricate a cathode for a secondary battery.
[0133] The cathode and the anodewere respectively notched into a predetermined size and stacked, then an electrode
cell was formed by interposing a separator (polyethylene, thickness: 13 µm) between the cathode and the anode.
Thereafter, tap parts of the cathode and the anode were welded, respectively. The assembly of the welded cathode/-
separator/anodewas placed into a pouch, and three sides of the pouch were sealed, leaving one side open for electrolyte
injection. At this time, a portion having the electrode tab was included in the sealing part. An electrolyte was injected
through the remaining side except for the sealing parts, and the remaining side was sealed, followed by allowing it to be
impregnated for 12 hours or more, to manufacture a lithium secondary battery.
[0134] A solution, prepared by dissolving 1.1 M LiPF6 in a mixed solvent of EC/EMC (25/75; volume ratio), and further
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adding 8 wt% of fluoroethylene carbonate (FEC), 0.5 wt% of 1,3-propene sultone (PRS), and 1.0 wt% of 1,3-propane
sultone (PS), was used as the electrolyte.
[0135] Then, heat press pre-charging was performed on the lithium secondary battery for 60 minutes at a current
corresponding to anaverageof 0.5C.After stabilization for 12hours ormore, degassingwasperformed, followedbyaging
for 24 hours or more. Thereafter, formation charging and discharging was performed (charging conditions: CC-CV 0.25C
4.2V 0.05C CUT-OFF, discharging conditions: CC 0.25C 2.5V CUTOFF).
[0136] Subsequently, standard charging and discharging was performed (charging conditions: CC-CV 0.33C 4.2V
0.05C CUT-OFF, discharge conditions: CC 0.33 C 2.5 V CUT-OFF).

Examples and Comparative Examples

[0137] Anodesand lithiumsecondarybatteriesweremanufactured in thesamemanneras in theaboveexample, except
that the contents of the binders included in the first anode activematerial layer and the second anode activematerial layer
were changed as shown in Table 1 below.
[0138] In addition, anodes and lithium secondary batteries were manufactured in the same manner as in the above
example, except that the types and contents of the silicon-basedactivematerials included in the first anodeactivematerial
layer and the second anode active material layer were changed as shown in Table 2 below.

[TABLE 1]

Classification

First anode active material
layer (wt%)

Second anode active
material layer (wt%) Total content (wt%)

CMC SBR CMC/
SBR CMC SBR CMC/

SBR CMC SBR CMC/
SBR

Example 1 1.3 2.4 0.54 1.3 0.6 2.17 1.3 1.5 0.87

Example 2 1 2.4 0.42 1.3 0.6 2.17 1.15 1.5 0.77

Example 3 1.3 2.4 0.54 1 0.6 1.67 1.15 1.5 0.77

Example 4 0.7 2.4 0.29 1.3 0.6 2.17 1 1.5 0.67

Example 5 1.6 2.4 0.67 1.3 0.6 2.17 1.45 1.5 0.97

Example 6 1.3 2 0.65 1.3 0.6 2.17 1.3 1.3 1.00

Example 7 1.3 2.4 0.54 0.7 0.6 1.17 1 1.5 0.67

Example 8 1.3 2 0.65 1 0.4 2.50 1.15 1.2 0.96

Example 9 1 2.4 0.42 1 0.6 1.67 1 1.5 0.67

Comparative Example 1 1.3 0.6 2.17 1.3 2.4 0.54 1.3 1.5 0.87

Comparative Example 2 1.3 1.5 0.87 1.3 1.5 0.87 1.3 1.5 0.87

[TABLE 2]

Classification
First anode active material

layer (wt%)
Second anode active material

layer (wt%) Total content (wt%)

Si/C SiOx Si/C SiOx Si/C SiOx

Example 10 6 0 16 0 11 0

Example 11 8 0 16 0 12 0

Example 12 12 0 16 0 14 0

Example 13 2 0 16 0 9 0

Example 14 6 0 20 0 13 0

Example 15 6 0 24 0 15 0

Example 16 6 0 12 0 9 0

Example 17 0 6 0 16 0 11
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(continued)

Classification
First anode active material

layer (wt%)
Second anode active material

layer (wt%) Total content (wt%)

Si/C SiOx Si/C SiOx Si/C SiOx

Example 18 6 0 0 16 3 8

Example 19 0 6 16 0 8 3

Example 20 16 0 6 0 11 0

Example 21 11 0 11 0 11 0

Comparative Example 3 0 0 22 0 11 0

Experimental Example

(1) Evaluation of fast-charging cycle life characteristics

[0139] The lithium secondary batteries manufactured according to the examples and comparative examples were
chargedatC-ratesof 2.5C/2.25C/2.0C/1.75C/1.5C/1.25C/1.0Caccording to thestep-chargingmethod to reachDOD72%
within 25 minutes, and then discharged at 1/3C. The charging and discharging process was set to be one cycle, and fast-
charging cycle life characteristics were evaluated by repeating the cycles. 150 and 300 cycles were performed while
having a rest time of 10 minutes between charge and discharge cycles, the fast-charging capacity retention rate was
measured, respectively.

(2) Evaluation of room-temperature (25°C) cycle life characteristics

[0140] The lithium secondary batteries manufactured according to the examples and comparative examples were
evaluated for cycle life characteristics under general charging conditions in the DOD94% (SOC4%‑98%) range while
maintaining the temperature at 25°C in a chamber. The batteries were charged to a voltage corresponding to SOC98%at
0.3C under constant current/constant voltage (CC/CV) conditions, and then the chargingwas cut off at 0.05C. Thereafter,
the batteries were discharged to a voltage corresponding to SOC4%at 0.3C under constant current (CC) conditions, and
the discharge capacity was measured. This process was repeated for 200 cycles, and then the discharge capacity
retention rate was measured to evaluate the room-temperature cycle life characteristics of each battery.

[TABLE 3]

Classification Fast-charging capacity retention (%)
(300 cycles)

Room-temperature (25°C) discharging capacity
retention rate (%) (200 cycles)

Example 1 94 96

Example 2 94 96

Example 3 94 96

Example 4 92 94

Example 5 90 94

Example 6 91 93

Example 7 90 92

Example 8 91 93

Example 9 92 94

Comparative Example 1 80 90

Comparative Example 2 88 92
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[TABLE 4]

Classification Fast-charging capacity retention (%)
(300 cycles)

Room-temperature (25°C) discharging capacity
retention rate (%) (200 cycles)

Example 10 94 96

Example 11 91 93

Example 12 86 88

Example 13 96 97

Example 14 90 92

Example 15 83 85

Example 16 94 97

Example 17 94 90

Example 18 94 90

Example 19 94 92

Example 20 88 96

Example 21 90 96

Comparative Example 3 94 91

[0141] As shown in Tables 3 and 4 above, in the case of lithium secondary batteries according to the examples, where
the weight ratio of the first cellulose-based binder to the first rubber-based binder was lower than the weight ratio of the
second cellulose-based binder to the second rubber-based binder, the fast-charging capacity retention rate and the room-
temperature charging capacity retention rate were improved.
[0142] In addition, in the case of lithium secondary batteries according to the examples, where the content of the first
silicon-based active material was lower than the content of the second silicon-based active material, the fast-charging
capacity retention rate was improved.
[0143] In the case of Comparative Example 1 or Comparative Example 2, where the weight ratio of the first cellulose-
based binder to the first rubber-based binder was greater than or equal to the weight ratio of the second cellulose-based
binder to the second rubber-based binder, the fast-charging capacity retention rate and the room-temperature cycle life
characteristics were significantly degraded.
[0144] In the case of Example 4, where the content ratio of the first cellulose-based binder to the first rubber-based
binder in the first anode active material layer was less than 0.3, the fast-charging capacity retention rate and the room-
temperature charging capacity retention rate were slightly reduced.
[0145] In the case of Examples 5 and 6, where the content ratio of the first cellulose-based binder to the first rubber-
based binder in the first anode active material layer was greater than 0.6, the fast-charging capacity retention rate was
relatively degraded.
[0146] In the case of Example 7, where the content ratio of the second cellulose-based binder to the second rubber-
based binder in the second anode activematerial layer was less than 1.2, the fast-charging capacity retention rate and the
room-temperature charging capacity retention rate were relatively degraded.
[0147] In the case of Example 8, where the content ratio of the second cellulose-based binder to the second rubber-
based binder in the second anode activematerial layer was greater than 2.4, the fast-charging capacity retention rate and
the room-temperature charging capacity retention rate were relatively degraded.
[0148] In the case of Example 9,where the content ratio of the cellulose-based binder to the rubber-based binder based
on the total content of the first anodeactivematerial layer and the secondanodeactivematerial layerwas less than0.7, the
fast-charging capacity retention rate and the room-temperature charging capacity retention rate were slightly reduced.
[0149] In the case of Example 12, where the content of the first silicon-based active material in the first anode active
material layer was 12 wt%ormore, the fast-charging capacity retention rate and the room-temperature charging capacity
retention rate were reduced.
[0150] In the case of Example 15, where the content of the second silicon-based active material in the second anode
active material layer was 24 wt% or more, the fast-charging capacity retention rate and the room-temperature charging
capacity retention rate were reduced.
[0151] In thecaseofExamples17 to19,wheresiliconoxide (SiOx,0<x<2)wasused insteadof silicon-carboncomposite
(Si/C) in the first anode active material layer or the second anode active material layer, the room-temperature charging
capacity retention rate was reduced.
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[0152] In the case of Example 20 or Example 21, where the content of the second silicon-based active material was
lower than or equal to the content of the first silicon-based active material, the fast-charging capacity retention rate was
reduced.
[0153] In the case of Comparative Example 3, where no silicon-based active material was included in one of the layers,
the room-temperature charging capacity retention rate was reduced.

[Description of Reference Numerals]

[0154]

100: Cathode
105: Cathode current collector
107: Cathode lead
110: Cathode active material layer
120: Anode active material layer
122: First anode active material layer
124: Second anode active material layer
125: Anode current collector
127: Anode lead
130: Anode
140: Separation membrane
150: Electrode assembly
160: Case

Claims

1. An anode for a lithium secondary battery comprising:

an anode current collector;
a first anode active material layer which is disposed on at least one surface of the anode current collector, and
comprises a first silicon-based active material and a first binder comprising a first rubber-based binder and a first
cellulose-based binder; and
a second anode active material layer which is disposed on the first anode active material layer, and comprises a
second silicon-based active material and a second binder comprising a second rubber-based binder and a
second cellulose-based binder,
wherein a weight ratio of the first cellulose-based binder to the first rubber-based binder in the first binder is lower
than aweight ratio of the second cellulose-based binder to the second rubber-based binder in the second binder.

2. The anode for a lithium secondary battery according to claim 1, wherein a content of the first rubber-based binder
basedon the totalweight of the first binder is greater thanor equal toa content of thefirst cellulose-basedbinder based
on the total weight of the first binder.

3. Theanode for a lithiumsecondarybattery according to claim1or2,wherein theweight ratio of thefirst cellulose-based
binder to the first rubber-based binder in the first binder is 0.7 or less.

4. The anode for a lithium secondary battery according to any one of claims 1 to 3, wherein the weight ratio of the first
cellulose-based binder to the first rubber-based binder in the first binder is 0.3 to 0.6.

5. The anode for a lithium secondary battery according to any one of claims 1 to 4, wherein a content of the second
rubber-based binder based on the total weight of the second binder is lower than a content of the second cellulose-
based binder based on the total weight of the second binder.

6. The anode for a lithium secondary battery according to any one of claims 1 to 5,wherein theweight ratio of the second
cellulose-based binder to the second rubber-based binder in the second binder is 1.0 or more.

7. The anode for a lithium secondary battery according to any one of claims 1 to 6,wherein theweight ratio of the second
cellulose-based binder to the second rubber-based binder in the second binder is 1.2 to 2.4.
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8. Theanode for a lithiumsecondary battery according to anyoneof claims1 to 7,wherein theweight ratio of the first and
second cellulose-based binders to the first and second rubber-based binders based on the total weight of the first
binder and the second binder is 0.77 to 0.87.

9. The anode for a lithium secondary battery according to any one of claims 1 to 8, wherein the first rubber-based binder
and the second rubber-based binder comprise at least one rubber-based binder selected from styrene-butadiene
rubber (SBR), acrylonitrile-butadiene rubber, hydrous-styrene-butadiene rubber, hydrous-acrylonitrile-butadiene
rubber, and styrene-isoprene rubber, and
the first cellulose-based binder and the second cellulose-based binder comprise at least one cellulose-based binder
selected from carboxymethyl cellulose (CMC), starch, and hydroxy propyl cellulose.

10. The anode for a lithium secondary battery according to any one of claims 1 to 9, wherein the first silicon-based active
material and the second silicon-based active material each comprise a silicon-carbon composite.

11. The anode for a lithium secondary battery according to any one of claims 1 to 10, wherein a content of the first silicon-
based active material based on the total weight of the first anode active material layer is lower than a content of the
second silicon-based active material based on the total weight of the second anode active material layer.

12. Theanode for a lithiumsecondary batteryaccording toanyoneof claims1 to11,wherein the content of the first silicon-
based active material based on the total weight of the first anode active material layer is 3 wt% to 10 wt%.

13. The anode for a lithium secondary battery according to any one of claim 1 to 12, wherein the content of the second
silicon-based activematerial based on the total weight of the second anode activematerial layer is 13wt% to 20wt%.

14. The anode for a lithium secondary battery according to any one of claims 1 to 13, wherein the total content of the first
and second silicon-based active materials based on the total weight of the first anode active material layer and the
second anode active material layer is 8 wt% or more.

15. A lithium secondary battery comprising:

the anode for a lithium secondary battery according to any one of claims 1 to 14; and
a cathode disposed opposite to the anode for a lithium secondary battery.
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